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Benefits of Fermented Milk in Rats Fed by
Hypercholesterolemic Diet (II)

Yong-Wook Lee, Woo-Sup Roh and Jong-Gyu Kim
Graduate School of Public Health, Seoul National University, Seoul 110-460, Korea

ABSTRACT —This study was performed to investigate the long term effect of fermented milk in
drink on rats fed by cholesterol diet. 150 of 5-week-old male rats of Sprague-Dawley strain were
divided into six groups according to diet and content of fermented milk in drink. The first group
served as normal control group fed by synthetic pellets of standard diet. The second, cholesterol
control group, was treated with standard diet containing 1% of cholesterol and 500,000 TU/100g
of vitamin D;. The other four groups, fermented milk groups, FM-25, FM-50, FM 75 and FM-
100 were treated with the cholesterol and vitamin D, diet and supplied with 25%, 50%, 75% and
100% of fermented milk in drink, respectively. The animals were sacrificed for analysis in 3, 6,
9 and 12 months. Weight gain, diet intake, and drink consumption were significantly different among
groups. Fermented milk reduced serum cholesterol to a significant effect (p<0.05) and significantly
increased the ratio of high density lipoprotein cholesterol to total cholesterol (p<0.05). Serum trigly-
cerides were reduced to a smaller and less significant effect in fermented milk group. The aorta
and liver of fermented milk showed slighter medial calcification and necrosis and milder fat degene-
ration than did the cholesterol control group. Supplementation of fermented milk may have a helpful
effect on hypercholesteremia and atherosclerosis.
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Table 1. Basic composition of experimental diet

(g/100g diet)
\3 . .
) Standard diet Cholesterol diet

Ingredien

Corn Starch 654 64.4
Casein(Vitamin free)  20.0 20.0
Corn-oil 5.0 5.0
a-Cellulose powder 5.0 5.0
Mineral mixture* 35 35
Cholesterol - 1.0
Vitamin mixture** 0.8 0.8
Methione 0.3 0.3
Vitamin D, - 500,000 IU

* The mineral mixture(g/kg mixture) contained the
following: Calcium carbonate 299.0; Calcium phos-
phate 4.3; Potassium phosphate 343.1; Sodium chlo-
ride 250.6; Magnesium sulfate 99.8; Ferric citrate he-
xahydrate 6.23; Cupric sulfate 1.56; Manganous sul-
fate 1.21; Zinc chloride 0.20; Potassium iodate 0.05;
Molybden ammonium 0.025.

** The vitamin mixture(g/kg mixture) contained the
following: Vitamin A acetate 500,000 IU; Vitamin D3
100,000 IU; Vitamin E acetate 5,000 mg; Vitamin K;
5000 mg; Thiamin HCI 1,200 mg; Riboflavin 4,000
mg; Pyridoxin HCI 8,000 mg; Cyanocobalamin 0.5 mg;
Ascorbic acid 30,000 mg; D-biotin 20 mg ; Folic acid
200 mg; Calcium pantothenate 5,000 mg; Para-amino-
benzoic acid(PABA) 5,000 mg; Niacin 6,000 mg; Ino-
sitol 6,000 mg; Choline chloride 200,000 mg.
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Table 2. Proximate components of fermented milk
administered to the rats

Table 3. Operating Condition of ICP Emission Spe-

Component Amount per 100g
Protein 3.3g
Carbohydrates 42¢g
Ca 120 mg
P 90 mg
Mg 12 mg
Na 45 mg
K 150 mg
Fe 80 ug
Thiamin 40 pg
Riboflavin 200 pg
Niacin 120 g
Pantothenic acid 380 ug
Vitamin Bs 50 ug
Folic acid 10 ug
Vitamin B 04 g
Ascorbic acid 1.0 mg
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Fig. 1. Change of body weight. Each point represents
mean. All rats in the cholesterol control group
died in 10 months. FM; fermented milk admi-
nistered group. Numbers represent the percen-
tage of fermented milk in drink.
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Fig. 2. Change of diet intake and drink consumption.
Each point represents mean. All rats in the
cholesterol control group died in 10 months.
FM; fermented milk administered group. Nu-
mbers represent the percentage of fermented
milk in drink.
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Fig. 3. Food efficiency ratios of the rats by dietary
group and feeding period. Each point represe-
nts mean. All rats in the cholesterol contro}
group died in 10 months. FM; fermented milk
administered group. Numbers represent the
percentage of fermented milk in drink.
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Fig. 4. Protein efficiency ratios of the rats by dietary
group and feeding period. Each point represe-
nts mean. All rats in the cholesterol control
group died in 10 months. FM; fermented milk
administered group. Numbers represent the
percentage of fermented milk in drink.

FsH Folehe A fist ol AME MEE
el Foiz Qste] o] 5%, 2bsigl S 7]

by o2 FME BT AR ANS

Wikl HNER WL

ZF ARl #8EC] O HHEES Table 4014
B nhel 2ok o] HMERES YR v)sly
SHLHE BEBEHAN fodsA Frbske o m(p<
0.05), AME BMEIA FITdNE PRI =25}
Ee Fadtdn KRkl BB o8 3}
ol & viehllAl dsket A1, AR 2 Rael jag
HES B wsle] S92 HBMIA &
Al F7hebad om(p<0.05), HME BRI, 3
Tl A IHY7A e WEBY O Egton), BB
Fiioll= BB 2ho)E Jehx) ofgich ne)
HHEES ONY971xe HER vl KR
B oAl S7tsl o BRAR S 2ol
Heb Al edske). )9} e EEE o)We] gmel

The Korean Journal of Food Hygiene, Vol 7. No. 2, 3



128 Y W Lee W. S Roh and J. G Kim

Table 4. Relative organ weight of the rats by group and feeding period

Relative organ weight (g/100g body weight)

Organ  Group

3 months 6 months 9 months 12 months

Control 2.76° 2.57¢ 272> 3.26"
Cholesterol control 349 3.54° 3.33 -

. FM*-25 2,733 3.0502 3.96*! 413

Liver
FM*-50 2.86" 3.72 3.82° 331
FM*-75 313 4.04* 343 3.10°
FM*-100 2.800* 3.79°! 3.07:b12 3.21%42
Control 0.30+* 0.32%* 0.57%! 044!
Cholesterol control 0.66> 0.81% 0.70%* -

. FM*-25 0.64>2 0.56>2 0.7621 0423

Kidney
FM*-50 0.54"2 0.542 0.93*! 0.39°
FM*-75 0.47%2 0.43%2 ) 0.862! 0.39
FM*-100 0.40°2 0.422 0.73! 0.422
Control 0.28° 0.26 0.32: 0.31
Cholesterol control 0.322 0.47% 0.36* -
FM*-25 0.32% 0.30° 0.29° 0.27

Heart
FM*-50 0.34° 0.33 0417 0.34
FM*-75 0.292 0.34>12 0.38%1 0.30%2
FM*-100 0.27* 0.33" 0.31* 0.30
Control 0.19 0.16° 0.18 0.24
Cholesterol control 017! 0.11¢2 0.20! —
FM*-25 017! 0.10¢2 0.17 0.22!

Seleen e so 0.17 0.15" 0.19 0.20
FM*-75 0.18 0.20° 0.19 0.19
FM*-100 0.18 0.22° 0.21 0.16
Control 0.008" 0.007° 0.008" 0.005
Cholesterol control 0.013° 0.011* 0.013* -

Adrenal FM=*-25 0.014° 0.016* 0.015° 0.010

gland FM*-50 0.013 0.010% 0.014* 0.012
FM*-75 0.013° 0.0172 0.013° 0.011
FM*-100 0.011* 0.0122 0.014* 0.008

*FM: fermented milk administered group. Numbers represent the percentage of fermented milk in drink.
Values in the same column(dietary group) followed by different superscript letters are significantly different
(p<0.05).

Values in the same row(feeding period) followed by different superscript numbers are significantly different
(p<0.05).

All the rats in the cholesterol control group died in 10 months.
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Table 5. Content of lipids in serum of the rats by group and feeding period

Content of lipid in serum

Serum lipids  Group
3 months 6 months 9 months 12 months
Control 45.9° 35.7¢ 18.2° 56.5°
Total Cholesterol control 114.0° 99.0° 111.3° -
cholesterol FM*-25 70.9 78.0° 77.0P2 91.0%
(mg/dl) FM*-50 67.1° 67.5° 71.0° 75.9°
FM*-75 55.1° 49.3% 69.0 59.7b¢
FM*-100 .56.1° 42.0¢ 62.1° 62.8°
Control 36.3 29.7 34.0 41.5°
HDL- Cholesterol control 54.3! 43.0° 59.7 —
Cholesterol FM*-25 51.7' 46.0° 58.5! 68.3*!
(mg/dl) FM*-50 49.3! 41.32 52.7! 51,001
FM*-75 41.9¢2 33.3 53.5! 52.7
FM*-100 440! 2832 46.7! 55,72
Control 0.79° 0.83° 0.712 0.71°
Ratio of Cholesterol control 0.48% 043! 0.5401 -
HDL-CHL- FM*-25 0.73* 0.59 0.76* 0.7201
/T-CHL FM*-50 0.73 0.6142 0.74%! 0.67>*
FM*-75 0.76** 0.67>3 0.78** 0.88!
FM*-100 0.792 0.67%3 0.75*% 0.87:!
Control 61.7 67.4° 63.4° 60.8
Triglyceride Cholesterol control 60.3° 90.022 120.5* -
(mg/dl) FM*-25 41.5% 68.0°1 77.0%! 69.5!
FM*-50 52.4° 57.5¢2 79.0°1 71.3!
FM*.75 58.4° 76.3"! 84.0%1 70.5?
FM*-100 55.7 62.812 73.6%! 64.6!

*FM: fermented milk administered group. Numbers represent the percentage of fermented milk in drink.
Values in the same column(dietary group) followed by different superscript letters are significantly different

(p<0.05).

Values in the same row(feeding period) followed by different superscript numbers are significantly different

(p<0.05).

All the rats in the cholesterol control group died in 10 months.
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Table 6. Content of total protein in serum of the rats
by group and feeding period
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Table 7. Content of inorganic chemicals in serum of
the rats by group and period

Content of total protein

Content of inorganics

in. serum (g/df) in serum
Group Inorganics Group
3 6 9 12 3 6 9 12
months months months months months months months months
Control 6.6 542 7.1! 6.4! Control 203! 21.6* 1252 1322
Cholesterol control 582 4.9 6.3! -~ Cholesterol
FM*.25 592  46° 7.5! 7.1 218" 176 116* —
. control
FM*.50 6.3 4.9 7.0 7.1! Calcium
FM*-75 691 572 71 6.7t (mg/dl) FM*-25 250! 27.11 1262 150b2
FM®*-100 69 63 67 67 FM*50 280~ 27.9%1 12302 1632
* FM: fermented milk administered group. Numbers FM*75 2081 276 9210:2 2152

represent the percentage of fermented milk in drink.
Values in the same column(dietary group) followed
by different superscript letters are significantly diffe-
rent (p<0.05).

Values in the same row(feeding period) followed by
different superscript numbers are significantly diffe-
rent (p<0.05).

All the rats in the cholesterol control group died in
10 months.

¥ o o) ke ofe s 4
Hste] RS TR st mmA o o3
We Zeg riEc

2 HAE mEe FU)E mreRAM AEs
9] FFe FHY KR mEFY BE g
KRR 7ot oo} zhashe A8ke Mo 9
MY 1270 Yol Fol3tA dobxle RS B2y
THp<0.05). FERFFIZ= HAZ Sk BEEAL
Fol $erE A dehdbe AgE Rgon
S EE BN AME MR FTabe o
7o} Apelzh RN U119 dge s
HE R A% M 28 £AE Byen
AR Fo03 Ale]l& vehiizlx sk rhp<0.05).
2 REHIRE webd s fojg Wste gay
T =

Einstein 522 ulelql D, B alsje] 3}
A4 Zge F7t 2D Mo dg Fepol
F7HEE ko] wide] FviElw Ao 2 mig
771918 F7be dozlcky Rustdr) & HRe
RRE Fe2HE BN MmE F7199) ¥=

7 AL o] #ie} I Ao B 4

FM*-100 285 32.1» 230% 169

Control 54° 5.8 56 51°

Cholesterol

7.0 822 —
control

Phosph-
orous FM*.25 6.8° 6.1 58 7.6
(mg/d?)

FM*-50 69° 69 74" 740
FM*-75 5.8° 6.5 57  6.7®
FM*-100 59° 6.2 69" 56

* FM: fermented milk administered group. Numbers
represent the percentage of fermented milk in drink.
Values in the same column(dietary group) followed
by different superscript letters are significantly diffe-
rent (p<0.05).

Values in the same row(feeding period) followed by
different superscript numbers are significantly diffe-
rent (p<0.05).

All the rats in the cholesterol control group died in
10 months.

AT 2o sk FUsnE HERAA S
A ke Aol Ao FUEE B ol ol A
1S e e 2 o MRl 949 2

gzt ABIAE A ke He Alabsle
Ae2 A7 st MEARGS P
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Gerol LE SRS BeuT O 4§45 ol
%ﬂﬁ__u% g Qs BEel MAE PuE S
9 Zelu ESREHIC] Arhalel wet Fr]ele)
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Fig. 5. Aorta of rat from cholesterol control group in 3 months showing swollen and irregular appearance with
medial calcification. Also infiltration of inflammatory cell is seen. HE stain, X200.

Fig. 6. Aorta of rat from cholesterol control group in 9 months showing severe medial calcification and degenerative
change of periaortic fat tissue(PF). HE stain, x200.

Fig. 7. Aorta of rat from fermented milk group in 3 months showing focal medial calcification. HE stain, X 200.

Fig. 8. Aorta of rat from fermented milk group in 12 months showing medial calcification. HE stain, X200.

gore HoT WS Holx @ whHe] 24 & WdHe wFHAT U P E 5 9
e olshl A PRel daldt ARl gou Fuke Faie) A8 AR woon(Fig 7)
9

2 FraRA, RAEAAY AEe 24, W Alzre] A5 Fute] jAtet q3] Azpo] F
7+ 2] dynamic turnovers, AW 5 LBl 3 718l 2718 BckFig 8). durd e g wwel 4
BA3te] Higo] o] Fololit Mdrjo] shed o o] Fel~HE B W4 Ak
2 ol daiAs teze] HFsE 7= 3 Fol 2~ E HEES 1Y Tl d=AHe

2 AESL FAE b Axate]l RAHAT A

BEZe| FMIEERTN T HR wAjol B9l o m(Fig 9), A7kl AAETE 4

7 PRI MRSl mREEnd JEE ¢ 3y 3} ofAkS M oitHFig 10). FLEEH MEBSFL 9T

ZH2HE HEFES MY Tl dEde P 370 Felle 7pHE A 24 WA u(Fig
o) v g3 Juhe HA), Fub oAt} 2

o] 11), A7te] Zdzpsted 8 xlold MolA] oFsich
A xEo] Fgho] BaskA B9 ow(Fig 5). Al (Fig. 12). dubHeoz oz Aol A8 SR
Zho] AzgE Fute] Aol M3 el % BEG WY ZoladE HEire] B JoiT
AateiFda d3 F99] ApxAr wAdse] f3 v} AsA =g

= SAckFig. 6). MR MREFL 3372 30 Fol olejzto] FLEEH BEEEFL FTolAM ZdsHE
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Fig. 9. Liver of rat from cholesterol control group in 3 months showing moderate fat degeneration. HE stain,

X 100.

Fig. 10. Liver of rat from cholesterol control group in 9 months showing severe fat degeneration. HE stain, X 100.
Fig. 11. Liver of rat from fermented milk group in 3 months showing mild fat degeneration. HE stain, X 100.
Fig. 12. Liver of rat from fermented milk group in 12 months showing slight fat degeneration. HE stain, X 100.
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RN el 226 E2 et D F S Foisle TTHY2HSYSE R FUAHNEA WWE U
717kl B R MBS KMe) bl BURE 1209 $<b Bt 552 9) Sprague-Dawley® 473 84
1507k & Aol et 60T 22 vbro] sl A st} WIS S5 HBNAHY B8 T S HBNS Td UE
1% % ¥letl D, 500,000 1U/100g¢ ¢ S5 BRAHS} £¢ FIsigon, dmME B 92 29242
R wEtl D, s AfEe WA Soets FURE MEERLE 7hz 25%, 50%, 75%,% 100% 43 #HE FFsted(FM-
25, FM-50, FM-75 3l FM-100) #15-3baA 3, 6, 9, 12704e] zbzt s|AAlA 24, dasiedch

7 HRE RE ANY SH AR 3 BES 3716l ol AolE HA(p<005) 5 EE THUAAE Wukgog
dashe Zgelden FHiHE HEBHANE AL Fasted 1009 ARE w5 Ausigont FME BRI T
AToME ol F AA3] Folste] &ER Kb HEse A% 2ok A 2 993 BeRE EEe) He} A%
RS Ldon AME B 39974 RO E A% 271 28¢ Jehildo). 24 R BNERS HRE
vjsle] Fel~dE KA FolahAl 271819 2 mi(p<0.05) fkkirh BIEFLS) Yeko) WSS WM SAIY Aee
Hehigich M) 8 ol 2H S ek AR MR STl SHl2HE HRE) vlsld o8 Bastgon
(p<0.05), #8 F| 26 Eoll 4t HDL(high density lipoprotein) 328189 Hi AME BRI T4 S5k
F7PstArHp<005). Ml FAAY FFe AME BB Foiel SusdE MBRED Phsidod fo
Aol RelAe wstrh 2 FHL 2 B Z AolS ALY F ot WA SHF BRI To] W4 E
o vebvhe Agelda FUI19) ek FEe ARe JehlAl otk oiEs el oe REMSSEN 37
R IME B AT e ZH20E WRE viste] Fte] Fjalst A3 3 zeln 2w WAl sty
27E& 2ok
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